A portable, non-focusing optics spectrophotometer (NoFOSpec) for measurements of steady-state absorbance changes in intact plants.
Kinetically-resolved absorbance measurements during extended, or steady-state illumination are typically hindered by large, light-induced changes in the light-scattering properties of the material. In this work, a new type of portable spectrophotometer, the Non-Focusing Optical Spectrophotometer (NoFOSpec), is introduced, which reduces interference from light-scattering changes and is in a form suitable for fieldwork. The instrument employs a non-focusing optical component, called a compound parabolic concentrator (CPC), to simultaneously concentrate and homogeneously diffuse measuring and actinic light (from light-emitting diode sources) onto the leaf sample. Light passing through the sample is then collected and processed using a subsequent series of CPCs leading to a photodiode detector. The instrument is designed to be compact, lightweight and rugged for field work. The pulsed measuring beam allows for high sensitivity (typically < 100 ppm noise) and time resolution ( approximately 10 mus) measurements in the visible and near infrared spectral regions. These attributes allow high-resolution measurements of signals associated with energization of the thylakoid membrane (the electrochromic shifting of carotenoid pigments), as well as electron transfer, e.g., the 820-nm changes associated with electron transfer through Photosystem I (PS I). In addition, the instrument can be used as a kinetic fluorimeter, e.g., to measure saturation-pulse fluorescence changes indicative of Photosystem II (PS II) quantum efficiency. The instrument is demonstrated by estimating electron and proton fluxes through the photosynthetic apparatus in an intact tobacco leaf, using respectively the saturation-pulse fluorescence changes and dark-interval relaxation kinetics (DIRK) of the electrochromic shift. A linear relationship was found, confirming our earlier results with the laboratory-based diffused-optics flash spectrophotometer, indicating a constant H(+)/e(-) stoichiometry for linear electron transfer, and suggesting that cyclic electron flow around PS I is either negligible or proportional to linear electron flow. This type of measurement should be useful under field conditions for estimating the extent of PS I cyclic electron transfer, which is proposed to operate under stressed conditions.